Keywords : lead, cake, dust, complexing agent, leaching, carbonization, deposition, electro-extraction. In Ural enterprises, copper and zinc are obtained from sulfide polymetallic concentrates containing: 12-20% Cu, 0.5-7% Zn, 25-35% Fe, 0.1-5% Pb, and 25-40% S. Ural metallurgical enterprises produce copper metal by various pyrometallurgical methods, but mainly each of them is preparation of a matte and its subsequent conversion. Zinc production by a classical pyrometallurgical scheme commences with firing zinc concentrate in a fluidized bed furnace.
In contrast to acid and salt solutions, alkylamines are not corrosive with respect to various grades of structural steels [1, 2] . Use of complexing reagents provides selective lead extraction from lead-containing intermediates. During hydrometallurgical processing of lead-containing technogenic intermediates the solvent should have sufficient selectivity and provide the possibility of regeneration.
An amine used for processing lead-containing technogenic accumulations is ethylenediamine (EDA) [3] . Aqueous solution are used with EDA concentration of 200-240 g/dm 3 . Lead-containing material, washed from copper sulphate and sulfuric acid to pH not below 3 in washing water, is leached within a closed reactor with a stirrer rotation rate of not less than 300 rpm. During leaching, the optimum EDA concentration is maintained, for which the reactor is fitted with a special dispenser for feeding concentrated reagent, and the L:S is maintained at a level of 2:1. After leaching the pulp is filtered, the high grade lead-containing solution (in g/dm 3 : Pb 90-180, Cu 1-4, Ni 0.1-0.5) enters for cleaning from admixtures, and the slurry is sent for extraction of other valuable components.
Cleaning solution from admixtures is performed by cementation in a rotary cementation unit. The cementing material used is lead metal in the form of turnings, granules, or powder. The process lasts 90 min, intensified by heating the solution to 35-50°C After cementation the pulp is filtered, the residue is melted, and the filtrate is subjected to carbonization.
Carbonization is performed with carbon dioxide within a sealed reactor with intense mixing. Accumulation of the basic lead carbonate is accompanied by release of heat, and excess of which leads to breakdown of the complexing agent, and therefore the reactor is fitted with a cooling unit. Carbon dioxide consumption is equivalent to double the lead content in solution. The basic carbonate obtained is washed with hot water at 60-70°C. The washed basic lead carbonate is dried at 400°C for 4 h, ground, and calcined at 450-480°C for 15-20 h with preparation of finished red lead. Solution after lead carbonate deposition is regenerated by adding lime and sent to the head of the process for leaching.
An effective and ecologically consistent reagent is an aqueous solution ethylenediaminetetraacetic acid (trilon-B) [4] . The technology proposed consists of three main units: leaching, cleaning the solution obtained, and electro-extraction of lead with return of solvent to the head of the process.
Studies have been carried out [5] on leaching lead-containing technogenic wastes with determination of optimum parameters for performing the process: trilon B starting concentration 100 g/dm 3 , pH = 7, L:S ratio = 7-8, temperature 20-25°C. Under these conditions, lead extraction from solution is close to 96%, zinc 30%, copper 20%, and iron remains in small amounts in a cake. Treatment of the trilon-treated solution from metal admixtures (mainly zinc and copper) is based on the different solubility of EDTA salts with a change in medium acidity. With a reduction in pH to 1.0-1.5, there is a breakdown in trilontreated complexes with accumulation of an EDTA deposit. It is desirable to acidify solution with sulfuric acid for coprecipitation together with EDTA of lead in sulfate form, and zinc and copper remain in solution in the form of sulfates. The residue obtained is filtered and washed with acidified water (in order to avoid dissolution and loss of EDTA in washing water) in order to remove metal admixtures and treated with alkaline solution calculated for preparing electrolyte with lead concentration of 40 g/dm 3 and pH = 10 [6] .
Electrolytic extraction of lead was carried out in a two-chamber closed electrolyzer with partitions made of cationexchange membrane grade MK-40. The catholyte solution was lead trilonate, and the anolyte was weakly-acid sulfate solution. The membrane was intended for preventing EDTA anions entering the anodic chamber and their oxidation as a result of electrochemical reactions. Spongy lead was obtained, which after washing with water and melting under a covering layer of flux, corresponds to grade S1 according to GOST 1467-93. The current efficiency is 93%, and electric power consumption is 3100 kW·h/ton of lead. The treated catholyte contains: 2.3 g/dm 3 Pb, 68.9 mg/dm 3 Zn, 0.27 mg/dm 3 Cu, 11.8 mg/dm 3 Fe, and after pH adjustment the complexing agent concentrated solution may be used at the head of the process for leaching starting lead intermediates. A disadvantage of ethylenediaminetetraacetic acid is its low solubility in water at room temperature, i.e., not more than 120 g/dm 3 , which makes it impossible to obtain lead solution with a high metal concentration. Lead trilonate also has limited solubility in water and it does not exceed 50 g/dm 3 . These disadvantages make it difficult to obtain a compact cathodic deposit.
Apart from amine compounds for treating technogenic lead-containing waste it is possible to use organophosphorus compounds. A widely known representative of this class of complexing agent is hydroxyethylene disphosphonic acid (HEDP), used as an inhibitor for boiler scale accumulation in heating units.
In the faculty of ferrous and nonferrous metallurgy of the Ural Federal University, new technology has been developed for processing technogenic accumulations in metallurgical enterprises using aqueous solutions of HEDP. In contrast to trilon B, HEDP has significantly greater solubility in water at room temperature, which exceeds 1000 g/dm 3 . Added to this, the acid exhibits a selective capacity for complex formation with lead in alkaline solution.
The processing technology for technogenic wastes includes three main stages: technogenic accumulation leaching, metal separation, and deposition in solid form from solution.
Technogenic accumulation leaching is performed in two stages. The first is waste treatment with complexing agent alkaline solution at pH = 10-11, and then the solution obtained is acidified with sulfuric acid to pH 1-0.7 as a result of which lead phosphonate is deposited. The deposit is filtered, dissolved by alkalizing to pH = 10 with preparation of finished lead electrolyte. Using the acid solution from lead deposition, the second leaching stage is carried out for solid residue from the first (alkaline) leaching. As a result of this, the rest of the valuable metals and iron are extracted into solution. The solid residue from the second (acid) leaching contains barren rock minerals and is enriched in precious metals. It may be used as a fluxing addition in melting sulfide copper concentrates into matte.
The acid solution of the second (acid) leaching is treated with alkaline reagent with a stepwise increase in pH. With an increase in solution alkalinity there is selective deposition from it at first of copper compounds, then zinc and iron. The deposit containing metals is dissolved by acidification with preparation of appropriate electrolytes.
The electrolytes obtained as a result of dissolving deposits are used for electrolytic extraction of metals in the form of finished product. The exhausted electrolytes are combined and after adjustment of pH and complexing agent concentration are sent to the head of the process in the first stage, i.e., alkaline leaching.
Thus, the production cycles for processing technogenic lead-containing intermediates using complexing reagents are closed and more ecologically clean compared with pyrometallurgical methods.
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